In 12 patients with severe adult respiratory distress syndrome (ARDS), pulmonary gas exchange and hemodynamics were evaluated before, during, and after a 2-h period of pressure-controlled mechanical ventilation with the patient in the prone position. Ventilation-perfusion relationships (VA/Q) were assessed by a multiple inert gas elimination technique. Pressure-controlled mechanical ventilation in the prone position resulted in an overall increase (p<0.05) of arterial oxygenation after 120 min (98.4 ± 50.3 to 146.2 ± 94.9 mm Hg). Whereas eight patients revealed an improvement of PaO2 of more than 10 mm Hg after 30 min in the prone position (responders), four patients reacted to positional changes with a deterioration of arterial oxygenation (nonresponders). Data about the continuous distribution of ventilation-perfusion ratios revealed that in the responder group positioning caused a decrease of shunt perfusion of 11±5% and a concomitant increase of normal VA/Q by 12±4% after 30 min. There was no change demonstrable within low VA/Q areas. Returning the patient to the supine position reversed the improve3he positive effect of positioning on arterial oxygenation was first described by Bryan' in 1974 and in a series of five patients by Piehl and Brown.2 Subsequently, other investigators confirmed these findings.3-5 Langer et a15 correlated gas exchange to (CT scans) obtained both in supine and prone position, demonstrating a clearing of densities in previously dependent lung regions and a redistribution of densities following gravity after turning a patient from supine to prone position. Only 70% of all studied patients responded with an increase of arterial oxygenation. Five of 13 patients showed the same distribution pattern of densities in the CT scan as the responders to therapy, but partly revealed a profound deterioration in oxygenation. Gattinoni et a14 concluded from CT scans taken in both prone and 
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Data Acquisition
An arterial line, central venous line, a pulmonary artery catheter, and a lung water catheter, already in place for clinical purposes, were used for blood sampling and collecting hemodynamic data. Cardiac output was obtained by the thermodilution technique (Baxter Healthcare, Irvine, Calif); a thermistor femoral artery catheter was used for determination of extravascular lung water (Lung Water Computer 9310, Edwards Laboratories, Irvine, Calif) using a double-indicator thermodilution technique.7
Blood gas analyses were performed using standard blood-gas electrodes (ABL 300, Radiometer Copenhagen, Denmark), and spectrophotometry was done to obtain total hemoglobin concentration and hemoglobin saturation (OSM 3 Hemoximeter, Radiometer, Copenhagen).
Ventilation-Perfusion Distribution
Continuous distribution of VA/Q was determined using the MIGET as described by Wagner et al.8 '9 On the day of the study, an infusion bag with 0.15 mol/L NaCl was equilibrated with trace amounts of 6 inert gases (sulfur hexafluoride [SF6], ethane, cyclopropane, enflurane, ether, and acetone). This solution was infused at a constant rate of 20 mL/h via a peripheral venous line solely used for this purpose, beginning at least 30 min prior to the first sampling point. Arterial, mixed venous blood and mixed expired gas samples were taken simultaneously and assayed immediately. Inert gas concentrations were analyzed by gas chromatography (Siemens Sichromat 2.8, Siemens, Cologne equipped with a flame ionization detector and an electron capture detector). Retention and excretion and blood-gas partition coefficients were calculated for each gas and transformed by computer into a 50-compartment model of ventilation-perfusion distributions. True shunt was defined as the fraction of blood flow perfusing unventilated gas exchange units (VA/Q <0.005), poorly ventilated units corresponded to VA/Q of 0.005 to 0.1, whereas normal VA/Q ranged from 0.1 to 10. Ventilation to unperfused lung units (VA/Q) >100) was defined as dead space ventilation. 10 As an index of VA/O inequality, LOgSDQ, was defined as the square root of the value for the second moment of blood-flow distribution.
The mean residual sum of squares indicates the fit between the calculated data points and the resulting ventilation-perfusion distribution curve.
Procedure
At the time of the study, the patients had been kept in a supine position for at least 6 h Extravascular lung water determinations were made on a daily basis. Forty-five min after starting the infusion of the inert gas solution and after obtaining a constant blood pressure and ventilation over 15 min, samples for blood gas analysis, in-and expiratory gas analysis and MIGET were obtained simultaneously. Ventilation and hemodynamic parameters were recorded, and cardiac output was determined. The patients then were turned to a prone position, and measurements were repeated at 30 and 120 min. After returning the patients to a supine position, 30 min later, at 150 min, the final data were collected.
Statistical Analysis
All data are presented discretely or as mean ± SD. Testing for the significance of differences between different time points for the same group was performed using a nonparametric paired t test and a nonparametric unpaired t test for differences between the responder and the nonresponder groups; probability p values are given as the calculated value and differences with a probability value of 0.05 or less are considered to be significant.
RESULTS
In the overall population, the prone position during pressure-controlled mechanical ventilation resulted in a markedly, although not significant (p=0.06) increase of PaO2 after 30 Table 2 . Four patients did not meet the criteria, because the arterial oxygenation remained unchanged or even deteriorated without significance (103.4 ± 45.9 to 81.8 ± 32.6 mm Hg, baseline vs 30 min). The distribution of VA/Q was not significantly affected by the prone position in these patients. Data analysis for the individual nonresponder patient showed a correlation coefficient of 0.81 between PaO2/FIo2 and normal V/Q and a correlation coefficient of 0.88 for PaO2/FIo2 and V/Q of 0, respectively. The PaO2 was not different between the two groups at the beginning of the study (Fig 1) .
Analysis of the data in the responder group, obtained by MIGET showed that 44±9% of blood flow in the supine position was distributed to unventilated areas (VA/Q=0) and that no areas with a low ventilation-perfusion ratio were apparent; 54 ± 7% of blood flow was demonstrable in areas with normal VA/Q ratios. The prone position resulted in a significant reduction of blood flow to unventilated areas to 34 ± 4% (p=0.008) after 30 min, whereas blood flow to areas with VA/Q from 0.1 to 10 increased from 54 ± 7% to 66 ± 7% (p=0.008 [ Table 2 ]). Areas of low VA/Q were not affected by positioning. These changes were almost reversible by returning the patient to the supine position after 120 min ( Table 2 ). The PaO2 and normal VA/Q at 150 min were significantly lower, when compared with those at 120 min (Table  2) . Patients in the nonresponder group did not demonstrate any significant changes in ventilation-perfusion distribution (Fig 1) .
Ventilation to areas with high VA/Q or unperfused regions were not significantly altered in either group, nor did the square root of the second moment of blood flow distribution show significant changes; the calculated mean residual sum of squares indicated an acceptable fit (5.1 ± 4.2) for all data sets. All hemodynamic parameters, mean arterial pressure, mean pulmonary artery pressure, pulmonary capillary wedge pressure, cardiac output, and calculated parameters as total peripheral and pulmonary vascular resistance remained stable throughout the study without any differences within a group or between both groups (Table 3 ). Extravascular lung water was increased in the overall population (16.0±6.6 mL/ kg) compared with that in normal patients,11 but no significant differences were found between the responder and nonresponder groups (16.0 ± 8.0 vs 16.0 ± 3.9 mL/kg).
DISCUSSION
As it is shown in this study, improvement in arterial oxygenation during pressure-controlled mechanical ventilation in the prone position resulted from a redistribution of blood flow away from unventilated areas to regions with normal ventilation-perfusion ratios, most likely resulting from an alveolar recruitment in previously atelectatic but healthy lung Blood flow redistribution due to gravitational changes is one of the factors thought to be responsible for an improvement of oxygenation while patients were in the prone position by favoring dependent and intact lung regions, since it is assumed to be so in unilateral ARDS when the healthy lung is the dependant one.12 '13 In the prone position, however, the differences in height between the uppermost and the dependent zone in the lung are small, caused by a 3:1 ratio of the transverse versus the sternovertebral diameter of the chest, when compared with the lateral position. Moreover, the inhomogenous distribution of lesions induced by ARDS should not allow for blood flow redistribution to healthy regions by gravitation alone. Experimental results in dogs demonstrated that regional blood flow is unaffected by postural changes when comparing the prone to the supine position.14 Blood flow also has been shown to be reduced in the atelectatic lung due to hypoxic pulmonary vasoconstriction, resulting in an increased pulmonary vascular resistance in this lung, and thus diverting blood flow to the nonatelectatic lung. 15"16 This compensatory mechanism is of major clinical interest because systemic application of vasodilators abolishes the hypoxemia-induced pulmonary vasoconstriction and thereby increases shunt17'18 followed by a deterioration in gas exchange. The decrease of blood flow in atelectatic areas is not due to mechanical factors, but is mainly determined by the degree of hypoxemia.16 In general anesthesia, the amount of densities visualized by CT scan directly correlates to the amount of shunt.19 The reappearance of densities in the dependent areas of the lung, as demonstrated by CT scan5 after turning the patient to prone position, should then be accompanied by a slow deterioration of gas exchange, an increase in shunt as well as an improvement of these parameters when the patient is turned to the supine position. Our results show that in this group of patients pulmonary oxygenation is not dependent upon the procedure of positioning itself but from the posture because the significant improvement of gas exchange in the responder group was observed immediately after positioning and no further significant increase in PaO2 was demonstrable between 30 and 120 min. These changes were almost completely reversible when the patient returned to the supine position.
Since hypoxic pulmonary vasoconstriction will not be influenced by positioning, the improvement of oxygenation while the patient is in the prone position is unlikely to result from a regional redistribution of blood flow but more likely from an improvement of blood flow to recruited alveolar space with a reduc- pulmonary fibrosis and without the possibility of alveolar recruitment. None of the baseline data was useful as a predictor for the beneficial effect of the prone position on gas exchange. Although the response of the overall study population to positioning was not significant after 30 min, in those patients responding to therapy, the immediate improvement of gas exchange was striking. The simplicity of the method enabling a reduction of inspiratory oxygen concentration, and thus minimizing the iatrogenic effects of oxygen toxicity, justifies its application in any patient with ARDS.
